Government gave land and housing to evacuees and an additional USD $1030 per month for psychological suffering. But evacuees were not allowed to return to regions with radiation of 20-50 mSv/y despite IAEA effective dose limit for one year being 50 mSv. Moreover, dose limit for clean up workers were also set at 250 mSv compared to international allowable limit of 500 mSv. Post accidents efforts taken by the government were praiseworthy but a less conservative limit to allow return of evacuees could have saved a lot more people.
INTRODUCTION
The accident at the Fukushima Daiichi Nuclear Power Station (FDNPS) on 11 th March 2011 was triggered by an earthquake of magnitude 9.0 Richter scale followed by a Tsunami. The accident destroyed the cooling system of FDNPS and led to several explosions from four units at the station (Butler 2011) . Hydrogen explosions at three units of the FDNPS severely damaged the respective buildings. The accident caused month-long radioactive discharge contaminating the air, seawater, soil etc. (Chino et al. 2012) . The government and Tokyo Electric Power Company (TEPCO) took several initiatives to minimise the harmful effects of ionizing nuclear radiations on the people and environment. Among many steps some are: they had gradually evacuated people with increasing radius from the FDNPS, deployed rescue robots for cleaning debris and surveillance operations (Nagatani et al. 2013) , utilized heavy machines donated by USA and imported from Sweden for reconnaissance inside buildings etc. (Kawatsuma et al. 2012) .
In this paper the accident, causes behind the accident, actions taken by the government, radiation exposure, evacuation criteria and the return of evacuees etc. have been discussed. Based March, 2011, 14: 46 Japan Standard Time (JST), an earthquake of magnitude 9.0 in the Richter scale centred 130 km off the coast of Sendai in Miyagi prefecture of Japan, struck regions of Japan including four nuclear power stations of Tokyo Electric Power Company (TEPCO) that had eleven reactors on load with a capacity of 9377 MWe (World Nuclear Association 2015a). Reactors were automatically shut down and proved robust seismically and further investigation verified that the earthquake did no damage. But the 15 metre high Tsunami which followed forty-nine minutes later, triggered by the earthquake, was catastrophic for the Fukushima Daiichi Nuclear Power Station (FDNPS) (capacity: 4.7 GWe) located in the Fukushima prefecture of the Tohoku region, 230 km north-east of Tokyo.
FDNPS's operating units 1-3 were shutdown by the seismic activity as designed and the units 4-6 were already shutdown due to maintenance and refuelling (UNSCEAR 2013) . The earthquake damaged all six external power sources and as a result the Emergency Diesel Generators (EDG) located in the basement of the turbine buildings got activated.
At 15:35 JST a Tsunami with amplitude of 23 metres at point of origin 180 km from Fukushima struck FDNPS, followed by another Tsunami eight minutes later. At FDNPS a 15m wave, above the 6m sea wall (10m above sea level), inundated the plant area. The Tsunami damaged twelve of thirteen EDGs, the heat exchangers used for dumping reactor waste heat and decay heat to the sea, seawater pumps located 4m above sea level, electrical wiring system, electrical switchgears, batteries and other heat removal systems. The 125-Volt DC batteries to be used as backups for units 1 and 2 were flooded and failed and unit 3's battery lasted 30 hours. The only active generators were serving units 5 and 6.
There was a station blackout including deactivation of the monitoring equipment and control functions in the central control room. Roads, houses etc. were also damaged making outside access extremely difficult (World Nuclear Association 2015a). Table 1 lists the chronology of key events at FDNPS (National Research Council 2014).
Unit 1: Water level dropped to the top of fuel, fuel temperature rose to 2800°C and caused the fuel to melt and drop to the bottom of the reactor pressure vessel (RPV) at 7 a.m. of 12 th March. Containment was vented by 2.30 pm but due to insufficient power it back flowed. Hydrogen produced exothermically by oxidation of the zirconium cladding in the presence of steam and air mixture got ignited causing a hydrogen explosion blowing off roof and cladding. The Director-General of the Nuclear Emergency Response Headquarters (NERHQ) ordered at 21:23 JST to increase the evacuation radius to 3 km. At 5:44 JST the evacuation zone was extended to 10 km and on the same day at 18 25 JST it was expanded to 20 km, covering a total area of 600 km 2 (UNSCEAR 2013). The evacuees under 40 years of age leaving the 20 km radius were advocated by the Nuclear Safety Commission to ingest stable iodine as a precautionary measure against ingesting radioactive iodine via milk etc. Pills and syrups for children and elderly people were also taken to the evacuation centers as precautions. Total 160,000 people were evacuated from their homes and only limited return were allowed in 2012 (World Nuclear Association 2015a). Prompt evacuation and a very conservative exposure limit ensured that no one received harmful level of radiation. According to the confirmation in 2013 by United Nations Committee on the Effects of Atomic Radiation, radiation will never have any measurable effect on the population of the Fukushima prefecture as no one through environment or food will be exposed to more than 10mSv in their entire lifetime and 10mSv is only one-tenth of which health effects become more pronounced. Health deterioration was due to anxiety, stress, tension and relocation. The 761 deaths were mostly of elderly people (90% people aged more than 66) (World Nuclear Association 2015b) all of whom had psychological trauma for being uprooted from their homes by forced evacuation.
To ensure that the radioactive release to the atmosphere remains immobilized, TEPCO sprayed dust-suppressing polymer resin around the plant. Also, to reduce ambient radiation levels TEPCO removed significant amount of debris using remote controlled equipment. Shipments of rice to markets were only allowed after thorough testing. Tests showed highest level were only one quarter of the allowable limit of 500 Bq/kg. To limit airborne radioactive releases 54m high covers with ventilation system for measuring radioactivity were progressively built over the affected units starting with unit 1 (World Nuclear Association 2015a).
Even though the radioactivity could not be detected in seawater beyond plant harbour, a slit fence had been placed to prevent ground water that gets contaminated by interacting with water in the basements of the FDNPS buildings from reaching the open sea. Since radioactive material was found in certain species of fish, food from affected areas were strictly monitored ( The core materials of the destroyed reactors contaminated water used for cooling. A large treatment plant was built to treat the water and a large storage capacity was built to hold the treated water. Also nitrogen was constantly injected into the reactor cores so that an inert atmosphere is maintained (World Nuclear Association 2015d). The government is helping the municipalities with the decontamination process and infrastructure repairs so that people can soon return to their homes. The government is also ready to buy the houses and lands of the evacuees in the affected areas (World Nuclear Association 2015a).
Japanese government pays the evacuees for land, housing and an additional JPY 100,000 ($1,030) per month as compensation for psychological suffering. By October 2013 government paid $30 billion to eighty-four thousand nuclear accident victims in contrast to $20 billion to 300,000 tsunami victims (World Nuclear Association 2015a).
Since the accident a large number of important data related to the dose, the government and TEPCO produced rates. This information helped in making crucial decisions (IAEA 2013) for the people and workers.
TEPCO compensated for the lack of initial number of personal dosimeters and other essential equipment at the site so that the workers were prevented from external and internal exposure to radiation. On November 2011, initial emergency dose limit of 250 mSv was reduced to 100 mSv for new workers. Potassium iodide tablets were distributed among FDNPS workers who were under 40 years of age and who requested it. Special tight fitted full-face respirators were given to the workers to minimize the inhalation of radioactive particles and gases (World Nuclear Association 2015a). Physical barriers and working time were implemented in designated areas. Special coordination centers were established for special needs. To minimize contamination of body surfaces they were also given protective overalls, gloves, safety shoes, cotton hats and helmets (World Nuclear Association 2015a).
RADIATION LEVELS
In May 2012 estimates published by TEPCO showed a total of 1020 PBq were released to the atmosphere from 12-31 March 2011 of which 20% came from Unit 1, 40% from Unit 2 (peak on 15 March), and 40% from Unit 3 (peak on 16 March). From 26 March to 30 September 2011 releases to the ocean were about 11 PBq iodine-13, 3.5 PBq Cs-134, 3.6 PBq Cs-137, total 18.1 PBq (or 169 PBq I-131 eq) (World Nuclear Association 2015a). Among the many fission products released, the main radionuclides were volatile iodine-131 with a half-life of 8 days, soluble caesium-137 (can be taken into the body but does not concentrate in any organ) with a halflife of 30 years (biological half-life 70 days) and caesium-134 with a half-life of 2 years. Cs-137, a strong gamma emitter, can easily be carried in plume, can contaminate and stays long when it lands. Following hydrogen explosions on 12 th , 13 th and 15 th March, radioactive iodine and caesium were detected in the vicinity of the FDNPS. However, compared to caesium, effects of Pu and U in the vicinity of FDNPS were insignificant (Sakaguchi et al. 2012) . More than 100 seawater samples were collected from the North Pacific Ocean in April and May 2011. with activity ratios of Cs-134/Cs-137 close to 1 proving that the radiocaesium originated from the FDNPS (Aoyama 2013) . Iodine and caesium were also found in soil core samples collected from the Fukushima prefecture. But their migration to soil layers deeper than 5cm was limited due to their strong affinity towards humic substances and clay minerals . Cs-137 contaminated soils in large areas of eastern and northeastern Japan, whereas western regions were sheltered by mountain ranges (Yasunari et al. 2011) . Only 13% of I-131 and 22% of Cs-137 were deposited on land of Japan and the remaining were either deposited in the ocean or transported out (Morino et al. 2011) . Most of the Cs-134 (14 out of 15PBq) and Cs-137 were from unit 2. Ten times more iodine was released from unit 2 than unit 1, and unit 3 released half of that from unit 1 (World Nuclear Association 2015a).
JUSTIFIABLE LEVELS OF DOSE FOR FIRST-RESPONSE WORKERS
Checks for both external and internal doses using whole-body counters showed that only 167 workers had received doses over 100 mSv. Of them 135 had received 100 to 150 mSv, twenty three 150-200 mSv, three 200-250 mSv and six from 309 to 678 mSv. Even the highest doses received by the units 3 and 4 control room operators who were not wearing breathing apparatus, were not enough to cause radiation sickness and were received only in the first two days due to inhaling iodine-131 fumes. Workers now wear personal monitors, breathing apparatus and protective clothing that protect against alpha and beta radiation, and are under continuous check-ups (World Nuclear Association 2015a).
The maximum allowable short term dose limit for Fukushima accident clean up workers was set at 250 mSv by Nuclear and Industry Safety Agency (NISA) which is According to a primary report of a sixteen member IAEA mission, the decontamination efforts by the authorities were praiseworthy but the targets set were unrealistic. IAEA found that excellent progress had been made in the remediation of the affected farmland of IDSA (IAEA 2013) . Extensive monitoring proved that the foodstuffs produced had well below reference level of permissible radioactivity. The radiation dose of less than 20 mSv/year in IDSA complies with the international standards set by relevant Fig. 2 . Furnishes the implementation techniques as indicted in Table 2 . international organizations such as ICRP, IAEA, UNSCEAR, and WHO etc. As a result people must return and the government must make the stakeholders aware that it is safe. There is potential to produce food safely in those regions and the goal of achieving 1mSv/year is unjustified and not required in the short term.
A thorough monitoring programme of radioactivity concentrations in water, sediment and suspended sediment, as well as extensive food monitoring of freshwater fish (wild and cultivated), is going on (IAEA 2013). Some decontamination techniques used for different items are shown in Table 2 and Fig. 2 .
EXCLUSION ZONE AND RETURN OF EVACUEES
At 7:03 pm Friday 11 th March a nuclear emergency was declared and at 8:50 pm an evacuation for people within 2 km radius was ordered. By the evening of 12 th March it was extended to a 20 km radius. 20mSv/year criterion was applied to determine return of evacuees in areas having radius greater than 20 km. From the contaminated area of 20-40 km northwest of the plant, 15,000 people were displaced in mid-May taking the total to 100,000. From April 2012, the Ministry of Economy, Trade and Industry (METI) allowed restricted return to regions within 20 km radius around the plant and in portions of the Minami Soma city extending more than 20 km north (World Nuclear Association 2015a and World Nuclear Association 2015b). These regions were further classified into:
Regions with radiation level less than 20 mSv/year were taken off from evacuation.
II. Regions with 20-50 mSv/year were allowed entrance without precautionary measures and only for specific purposes. Decontamination and remediation were going on in these regions and would be completed by 2017.
III. Regions with radiation levels greater than 50 mSv/year are still restricted to entry except for some special purposes. These restricted areas lie within the 20 km radius evacuation zone and the radiation levels are not expected to fall below 20mSv/year before March 2016.
In 
STAKEHOLDERS INVOLVEMENT AND THEIR POSITION
IAEA showed demonstrable evidence that communication and engagement processes have been adopted by the provincial governments to get local people more involved with the issues (IAEA 2013). These initiatives encouraged people and they regained their trust. The 'decontamination outreaching plaza' and its outreaching activities are also pushing forward the stakeholder engagement process (IAEA 2013). The prefectural government conducted surveys that showed 70% had relatives suffering physical and mental health problems, 48.9% of households had family members living in two or more locations and 58.6% people had relatives who once lived together but are now scattered in three or more places (The Guardian 2014). Although people are worried about health implications of children, they are suffering more for living away from family and home and for regular shifting than for the accident itself. Government's conservative approach is not solving the problem very soon.
ECONOMIC EFFECTS AND POLITICAL RESPONSE
FDNPS disaster led to the closure of all the Japan's 48 nuclear power stations, which produced 30% of its electricity (BBC NEWS 2014) . Instead of increasing the value to 40% by 2017 as projected before 2011, it went to zero. The import cost of alternatives to nuclear energy is $40 billion per year (World Nuclear Association 2015a) and had cost a staggering $204 billion from 2011 to end of 2013 (Mail Online 2014) . Impact of FDNPS accident and moving away from nuclear energy is enormous and eating away a meaty proportion of its GDP.
Naoto Kan, Prime Minister of Japan during the FDNPS disaster, was anti nuclear and pledged to end nuclear power by 2040 (Mail Online 2014) . But the good part is that the current government of Shinzo Abe is pro nuclear. Shinzo Abe is very popular as he is the one who pulled Japan out of recession. He was re-elected in 2012 after his successors failed to even last one full term. Shinzo Abe's lobbying led the way to restart Sendai reactor last November, 2016 (BBC NEWS 2014). Japan nuclear industry is looking forward to starting a new era under the leadership of Shinzo Abe.
DISCUSSION
In Japan, earthquakes of magnitude 7.7 richter scale induced Tsunamis in 1983 and 1993 with maximum heights at origin of 14.5m and 31m respectively. In June 1896 an earthquake of magnitude 8.3 created a massive Tsunami of 38 m in the Tohoku region killing 27,000 people. Leading up to the 2011 disaster, scientific studies warned about the possibility of a large earthquake and a Tsunami of 15.7 m at the Daiichi plant. Although the sea wall at the site was only 10 m, the massive Tsunamis in the past and the warnings from the scientific society had not led to any major actions by the plant operator, TEPCO or government regulators. Had the warnings been taken into account more seriously, the accident could have been avoided. Moreover, the EDGs were located at the basement of the FDNPS. Knowing that flash floods and Tsunamis can easily inundate the basement, placing the EDGs at the basement was not a good option. Effects of Tsunami had been avoided at other nuclear power stations in Japan like the one in Daiini due to its high sea wall and EDG being located at higher levels.
The actions taken by the government and TEPCO following the accident are commendable and can be followed by any country in order to tackle disasters of large scale. But the radiation dose limit of 250 mSv set for the first response workers is only half of international standard. Similarly, dose limits set for return of evacuees and resuming normal operation is unnecessarily conservative. All 1000 deaths reported were for maintaining evacuation and due to psychological trauma faced, in contrast to very little risk involved had early return been allowed (World Nuclear Association 2015a). Maintaining conservative evacuation is thus only increasing the suffering of people by keeping them away from their homes and families.
CONCLUSION
Design issues like the height of the seawall and the location of the emergency diesel generators played a major role in FDNPS accident. Countries that are vulnerable to earthquake and floods like Japan can take lessons learnt from FDNPS accident. Such lessons are: sea walls must be strong and high enough to prevent Tsunami, backup power systems must be maintained in such a way so that it will not be affected by any kind of disaster like cyclone, flood, earthquake etc.
Apart from the conservative dose limits used to take decisions at various points, actions taken by the Japanese authorities are praiseworthy. After effects including the health physics related issues th at are similar to Three Mile Island accident (Bevelacqua 2011) were well managed, and can be emulated for emergency preparedness of workforce at any NPP.
